Lambs were used to evaluate the effect of acute heat stress (HS) or restraint and isolation stress @IS) on endocrinological and immunological functions. In Exp. 1, lambs were exposed to HS (35'C) and control lambs (CN) were exposed to 21'C for 24 h in two replicates (n = 8 lambs total per treatment). Samples of serum were obtained at frequent intervals for evaluation of cortisol; whole blood was obtained for total and differential leukocyte numbers and lymphocyte blastogenic function. The timatrends for cortisol between HS and CN lambs were different following treatment (P < .005), but neither leukocyte numbers nor lymphocyte blastogenesis in response to mitogens were affected by acute exposure to the elevated ambient temperature. In Exp. 2, lambs (n = 6 per treatment)
ultimately in increased concentrations of cortisol in serum of stressed farm animals (reviewed by Dantzer and Mormede, 1983) . In addition, glucocorticoids are known to suppress the immune system (reviewed by Munck et al., 1984) . Although administration of ACTH, cortisol or dexamethasone produces characteristic changes in populations of leukocytes and alters cell-mediated immunological function in cattle and sheep (Roth et al., 1982; Roth and Kaeberle, 1983 ; Collins and SuarezGuemes, 1985; Roth 1985) . there are limited reports of acute environmental stressors resulting not only in increased cortisol, but also in reduced cell-mediated immune function (Blecha and Minocha, 1983; Blecha et al., 1984; Westly and Kelley, 1984) .
Both acute exposure to elevated ambient temperature (Tilton et al., 1975) and restraint or isolation stress (Moberg et al., 1980; Pienchala et al., 1985; Niezgoda et al., 1987) caused increased secretion of cortisol in sheep. However, the immunological consequences resulting from such acute stress-induced increases in cortisol are not known. In addition, although ACTH is presumed to initiate cortisol responses to thermal and restraint stressors, these responses have not been characterized in sheep. In the current studies, endocrinological and immunological response of lambs to acute heat stress (HS) and restraint and isolation stress (RIS) were evaluated.
Materials and Methods
General. Suffolk and Suffolk crossbred wether lambs were tethered in two environmentally controlled rooms (4.0 m x 3.1 m). The exact ages of all lambs were unknown (approximately 1 yr), so lambs were blocked by weight and assigned randomly to treatments within blocks. In general, lambs were tethered in their home stanchions for 2 wk before the onset of treatment. Lambs had free access to water and were fed daily 1 kg of a 50% whole com:50% dehydrated alfalfa pellet ration. Experiment I . Experiment 1 was conducted in two replicates with a total of eight lambs per treatment. During this experiment, the lights were timed to come on at 0600 and go off at 2200. Ambient temperature was constant at 21°C. Fortyeight hours before the onset of treatment, a cannula was placed into a jugular vein of each lamb. Samples of serum and whole blood were obtained from each lamb then, the temperature in one of two rooms was increased rapidly (within 20 min) to 35°C (HS lambs). Ambient temperature in the other room remained at 21°C (CN lambs). The increase in ambient temperature for HS lambs was maintained through the following 24 h. Serum was collected at 15 min intervals until 2 h after onset of HS, then at 30 min intervals until 6 h after the onset of HS. Additional samples of serum and whole blood were obtained at 12 and 24 h after the onset of HS. = 6 per treatment) were exposed to 24'C and constant light. All lambs were cannulated as in Exp. 1 about 40 h before onset of treatment. Treated lambs received 6 h of RIS, which consisted of removing the lamb from its home stanchion, binding all four legs with medical adhesive tape and isolating the animal from tactile and visual contact with other lambs. However, lambs could receive auditory and olfactory stimuli from other RIS lambs. Control lambs remained in their home stanchions; lambs subjected to RIS were returned to their original stanchions after the 6-h stress treatment.
Samples of plasma and serum were obtained at 15 min intervals from before to 6 h after the onset of RIS, at 30 min intervals from 6 to 12 h and at 4-h intervals from 12 to 24 h after treatment. Samples of whole blood were collected before and at 6, 12 and 24 h after treatment.
Measurements. Samples of plasma were assayed for adrenocorticotropic hormone (ACTH) (Exp. 2 only) and serum was assayed for cortisol. Plasma ACTH was determined by a specific RIA (Nicholson et al., 1984) with modifications reported by Klemcke et al. (1989) . The antisera, produced in rabbits against ACl"H(1-24) conjugated to bovine serum albumin (BSA), and pACTH used as standard, were purchased commercially5. Human [12511ACTH(1-39) was used as assay trace#. Serial dilutions of plasma from lambs displaced [~Z~I] ~A (-_TH from the antibody to produce a binding curve that paralleled the standard curve (P > .05). Porcine ACTH added to ovine plasma (1.3 to 12.0 pgltube) was recovered quantitatively in the assay (average recovery of 93.2%). The sensitivity of the assay was .39 pg/tube and the intra-and interassay coefficients of variation were 4.5% and 9.2%, respectively. The details of the assay for cortisol, validated for bovine serum, were published previously (Skaggs et al., 1986) . Recovery of cortisol from ovine serum was quantitative, and extraction of 25, 50, 75, and 100 pl of a lamb serum pool yielded estimates of 4.53, 4.56, 4.93 and 5.00 ndml cortisol (range of 30 to 70% binding on the standard curve). The sensitivity of the assay was 6.92 pgttube and the intra-and interassay coefficients of variation were 7.7 and 11.2%, respectively.
Samples of whole blood were evaluated for total and differential leukocyte numbers and lymphocyte blastogenic responses to mitogens (Blecha and Minocha, 1983) .
Analysis of Data. Endocrine data were analyzed using the GLM procedure of SAS (1982) by treating time after onset of stress as a continuous, independent variable. To arrive at the appropriate order of equation to best describe the hormone response over time, the data from control and stressed lambs were fit together in models that included time after onset of treatment in increasing order (to a maximum of a seventh-order polynomial). The model chosen to represent the response was the one that included the highest order of time that achieved statistical significance. Having chosen the order of equation to describe the response, the hormone data for each treatment were fit individually. The resulting models were compared for heterogeneity of regression (parallelism of the responses between the treatments) utilizing a general method for comparing models (Milliken and Johnson, 1984) . For purposes of illustration, data in figures are lines connecting obsemed treatment means rather than fitted response curves. Immunological data were analyzed using a split-lot analysis for repeated measures ( G i l l and Hafs, 1971). Treatment effects within a time period were compared only if the time x treatment interaction was significant (P e .OS).
Results
Experiment 1. For analysis, fifth-order polynomial equations were used to describe the cortisol time-trends following the onset of treatment (coefficient of determination = 3 ) . The data illustrated in Figure 1 represent the average concentration of cortisol for all lambs in each treatment at each sampling time.
Exposures of lambs to HS resulted in a rapid threefold increase in cortisol concentration in serum; the responses over time for cortisol were not parallel (P c .005) between HS and CN lambs (Figure 1) . In general, cortisol in serum of HS lambs returned to pretreatment concentrations within 12 h after the onset of treatment, even though ambient temperature remained elevated.
Total and differential leukocyte numbers and lymphocyte blastogenic responses to mitogens in CN and HS lambs are illustrated in Table 1 . Although total leukocytes and neutrophils were increased numerically by 24 h after onset of treatment in HS lambs, lack of a time x treatment interaction prohibited statistical comparison at this time. Similarly, there were no significant effects of HS on numbers of other classes of leukocytes or lymphocyte blastogenic responses (cpm increases) to mitogens (phytohemagglutinin, concanavalin A and pokeweed mitogen) following HS.
Experiment 2. Fourth-order polynomial equations were used to describe ACTH and cortisol time-trends following treatment. Coefficients of determination for statistical models used to analyze the response curves were .66 and .72 for ACTH and cortisol, respectively. Similar to Figure 1 , the data plotted in Figure  2 are the means for all animals in each treatment at each sampling time.
The profiles of ACTH and coaisol across elevated in RIS lambs by about fourfold. Total and differential leukocyte numbers were similar before the onset of treatment (Table 2 ). However, total leukocytes were increased in RIS lambs at 6 (P c .OS), 12 and 24 h (P c . 0 1 ) after treatment. Most of the increase in total leukocytes was associated with coincident increases in neutrophils in RIS lambs at 6, 12 and 24 h after treatment (P c .05). In addition, lymphocytes were decreased in RIS lambs at 6 (P c .05) and 12 h (P = .07) after treatment. The ability of lymphocytes to proliferate in response to mitogens was not affected by treatment (Table 2) .
Discussion
Increased secretion of cortisol in response to elevated ambient temperature (Tilton et al., 1975) and restraint or isolation (Pierzchala et al., 1985; Jephcott et al., 1986; Niezgoda et al., 1987 ) is known to occur in sheep. Cortisol responses from the current experiments are in agreement with previous findings and suggest that the animals perceived these experimental manipulations as stressful. The observation that plasma ACT'H (Exp. 2) was elevated during RIS also supports this suggestion, Plasma ACTH also was elevated in barrows during restraint and after exposure to 32°C (Klemcke et al., 1989) .
Of interest is the pattern of cortisol secretion in response to HS, which returned to concentrations similar to those of CN Iambs within about 12 h of the onset of treatment. This short-lived elevation in serum cortisol is reminiscent of the so-called psychological response to HS described by Dantzer and Mormede (1983) for cattle, whereas longerterm HS resulted in reduced serum cortisol in both cattle (Rhynes and Ewing, 1973; Dantzer and Mormede, 1983) and sheep (Guerrini and Bertchinger, 1982) .
Adrenal corticosteroids are known to have immunosuppressive actions (Munck et al., 1984) . In domestic ruminants, administration of ACTH to cattle (Gwazdauskas et al., 1980; Roth et al., 1982; Roth and Kaeberle, 1983;  Blecha and Baker, 1986) or cortisol to sheep (Collins and Suarez-Guemes, 1985) produces characteristic changes in populations of leukocytes and affects lymphocyte functions. Typically, these changes include 1) a leukocytosis with neutrophilia and eosinopenia, and in some cases, lymphopenia (Gwazdauskas et al., 1980) and 2) reduced proliferation of lymphocytes in vitro in response to lectins. In our studies, RIS resulted in changes in leukocytes that are consistent with the changes observed previously in response to administration of ACTH to cattle (Gwazdauskas et al., 1980; Roth et al., 1982; Roth, 1985) . In contrast, HS did not significantly alter total or differential numbers of leukocytes, even thcugh the change in total leukocytes and neutrophils was in the expected direction. In neither of the present experiments did our stressors alter the ability of lymphocytes to proliferate in response to mitogens. Reduced lymphocyte blastogenic function is a response hown to occur in lambs treated with pharmacological concentrations of cortisol (Collins and Suarez-Guemes, 1985) and in cattle treated with ACI'H (Roth et al., 1982; Roth and Kaeberle, 1983; Blecha and Baker, 1986 ).
Clearly, both HS and RIS stressors altered the pattern of cortisol secretion but did not alter lymphocyte blastogenic function. In addition, the profile of leukocytes was unaltered by HS. These observations suggest that transient increases in cortisol evoked by acute stressors may lack the intensity or duration to affect immunological functions even though they affect adrenal secretions. To our knowledge, the effect of intensity and duration of stressors per se on endocrine and immunological functions of domestic animals has not been determined. However, chronic HS (at least 2 wk) reduced lymphocyte blastogenic function of mature ewes (Niwano et al., 1989) . Also, repeated application of isolation stress evoked a greater elevation in serum cortisol with each successive stress event (Nezgoda et al., 1987) . Perhaps repeated elevations of cortisol are necessary to affect lymphocyte function. In contrast, only 2 h of mild restraint of pigs suppressed cell-mediated immune function (Westly and Kelley, 1984) . and serum cortisol responses of lambs to restraint and isolation stress (stressed lambs) or no handling (control lambs). Ekch point represents the mean (and standard error) for six animals. Fined timetrmds of both the ACTH and cortisol data in the figure differed (P < .001) for stressed vs conbrol lambs.
heat stress nor restraint and isolation stress affected cell-mediated immune function of lambs. Perhaps all acute stressors that affect adrenal function are not of sufficient duration or intensity to alter immunological functions.
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